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ACCESSIBLE COMPUTERS FROM THE BOX

Gregg C. Vanderheiden
Trace R&D Center
University of Wisconsin-Madison

DISABILITY: A CONTIM UM

Individuals who have disabilities are often seen as a separate population from the "able-bodied"
population. In fact, there is no clear delineation between "disabled"” and "able-bodied" people.
Everyone has areas in which they are less able than others, and everyone has some activities
which they have difficulty doing or some devices which they have difficulty using. Similarly,
most "disabled" individuals are not really "disabled" (unable to function), but are simply
hampered in their ability to do some things. Further, an individual who is impaired along one
dimension of performance (e.g., walking, manipulation) may be gifted along another dimension
(e.g., vision, intelligence, etc). Thus, a person's degree of disability or handicap can vary from
negligible through to severe. The disability usually also only affects some of an individual's
overall capabilities.

Figure 1 shows the traditional bell-shaped curve, with four vertical lines which divide the curve
into five areas. The curve represents the general population. For any given device or design,
there will always be people who have no trouble using the device/design, people who have little
trouble, people who have some trouble, people who have a lot of trouble, and people who are
totally unable to use the particular device/design. There are, of course, no clear dividing lines
separating these groups; rather, it is a graded continuum. Similarly, there is no clear-cut place
to draw 2 line where everyone falling on one side would be "disabled" and everyone falling on
the other side would be "able-bodied.” There simply is no clear definition of disabled
individuals. At some point along this curve, individuals who are unable to use the world as it is
currently designed and structured are identified as disabled in order to provide them with
special assistance. Many other individuals with impairments, some of them quite severe,
manage to get along without assistance, especially when the devices and systems they must use
are well designed.

Some Trouble

7N

Little Trouble A Lot of Trouble

Impossible to do Task

Figure 1
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This paper addresses the design of computers to allow their use by individuals on the right half
of the bell-shaped curve, who may have some reduced abilities along any one of a number of
dimensions (e.g., manipulation, vision, hearing, cognition, etc.). This includes the
approximately 20 percent of the population of the United States who have an impairment which
is severe enough to cause them to be at a significant disadvantage in living and working in the
world as it is currently designed.

NOT ALL NEEDS CAN BE MET THROUGH STANDARD COMPUTER DESIGN

Although there are many ways that the design of standard computers can be improved so that
more people can use them, it is not possible, nor is it appropriate, to design computers in such a
way that everyone can use them. For example, individuals who have severe or multiple
disabilities will often require very specialized interfaces or display systems. These systems are
best developed and provided by rehabilitation manufacturers who focus on the development of
devices for people with particular disabilities. There are a number of reasons for this. First,
building elaborate, specialized interfaces into all of the standard-manufacturer computers would
not be cost-effective. Second, the design teams of standard computer manufacturers are not
usually familiar enough with all of the many different disabilities to be able to effectively design
interfaces for all of the different disabilities. Even the rehabilitation manufacturers tend to
specialize in different areas of disability. Finally, a computer which contained every possible
required interface and output display type would probably not be usable by anyone.

It is important, however, that the design of standard computers provide some mechanism for the
connection of these special input and output systems. Especially as computers are becoming
more and more closed at the system level (even as they are becoming more open at other
levels), it is essential that these entry or connection points be provided, since it will be more
difficult if not impossible for rehabilitation manufacturers to install them themselves, as has
been done in the past.

Thus, the role of the manufacturers of standard computers in the area of increasing the
computers' accessibility is not likely to be one of manufacturing computers that can be used by
everyone, but rather one of increasing the number of individuals who can use the computers as
they come from the box, as well as providing the "hooks” that special rehabilitation developers
and manufacturers need to create and connect special adaptations for individuals who have
multiple or more severe limitations.

MOVEMENT DISABILITIES

For individuals with movement disabilities, it is the computer input mechanisms (keyboards,
mice, etc.) that present the greatest problems. Also involved, but generally of less concern, are
adjustments or other controls that may be on the computer equipment. In acdition to
difficulties in using the computer itself, individuals with movement disabilities may have
difficulty in manipulating computer-related materials such as disks and printouts.

Individuals with weakness or mild to moderate movement disorders may be unable to use
standard keyboards, but are often able to use adapted or miniature kevboards. Individuals with
high spinal cord injuries (no control below the neck), as well as individuals with extreme
interference or weakness of their motor control systems, are often unable to use a keyboard of
any kind. They are, however, able to use other special adaptive aids that could be used instead
of the keyboard.
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These alternate input mechanisms include sip-and-puff Morse code, voice recognition, scanning
techniques requiring only the ability to activate a single switch, and eye-gaze keyboards that
"type” when the individual simply looks at the "keys." These interfaces exist commercially, but
there is currently no way to allow them to be used instead of the standard keyboards on
unmodified computers running standard software. (Computers can be individually modified
with keyboard emulating interfaces to allow their use -- see below.)

As mouse, touch screen, lighipen, and other input devices become more common, these
interface problems take on new dimensions. Alternate access mechanisms need to be
developed for all of these input approaches if individuals are to have access to standard
educational, recreational, and productivity software.

VISUAL IMPAIRMENTS

Visual impairments vary in cause, characteristics and degree. As a result, the impact and
problems presented in computer use also varies between individuals.

People with visual acuity impairments have difficulty seeing even when focusing properly.
These individuals have difficulty with displays. The small lettering on some keyboards also
poses a problem for individuals with limited visual acuity. With the aging of the population who
use computers, problems in visual access will be of increasing concern. Availability of op‘ional
large-screen displays helps somewhat with personally-owned systems, but dces little for the
larger problem of access to computers in public, educational, and employment settings.

Visual perception problems are the problems faced by individi:als whose eyes focus welil, but
who have visual processing difficulties that make it difficult or impossible to handle printed
information or complex displays. This is more of a software design issue than a hardware or
system access issue. Simpler, larger displays may help on systems to be used by the public, as
would some of the solution strategies for totally blind individuals.

Color blindness will pose increasing problems as color displays are more commonly used. This,
too, is largely a software question, although alternate display options could be of benefit. The
problem is best addressed by careful selection of colors which appear different in shade to color
blind individuals, or through redundant cues.

Blindness, of course, presents severe problems for using standard software, due to the high
reliance of the software on the visual display of information Although full-screen tactile
displays are under development, it is doubtful that these will ever be effective enough for on-
line mouse and windowing operations. Alternate display approaches (voice and Braille, most
notably) exist, but usually cannot be used to access the screen images produced by standard
software without modifying the operating system or the computer itself. Manuals and
information on how to use these systems and software are usually n«.« available in a form that is
usable by blind individuals (e.g., in Braille or on disk).

For people with visual impairments who can currently manage printed information through
somc technique or aid, and are gainfully employed, t1e advent of computers and displayed
information can be traumatic, and force relocation (Knutsson, 1986). If cffective techniques can
be identificd which can make the displayed information available in a form which enhances
rcading comprchension, this new barricr could be turned to an assct.
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HEARING IMPAIRMENTS

Individuals with hearing impairments are not currently at a great disadvantage when trying to
use siandard software packages. Warnings that appear only as sounds or tones are a problem.
Warnings that are both visual and auditory generally are not a prokem -- especially if the visual
warning is difficult to miss. Some newer programs that use speech to guide or assist the user or

as output do pose a significant barrier when the information is not also provided in visual form |
(e.g., on the screen).

COGNITIVE IMPAIRMENTS

Specific learning disabilities, memory problems, and retardation are examples of cognitive |
disabilities. Each of these disability areas, ‘1owever, is very distinct from the others, and poses |
different constraints. Public access systems in particular may want to consider the complexity of

keyboards and visual displays, memory requirements (on the part of the user), and the cognitive

demands of their programs and systems. Clear, simple, step-by-step directions and 1
documentation are important, as is the lack of clutter on screens. All of these measures also

increase the ease of use of systems by the elderly and by the general public.

MECHANISMS FOR MAKING COMPUTERS MORE ACCESSIBLE

Features which would make computers more accessible can basically be broken down into two
groups:

a) features which allow persons with disabilities 0 access and use computer that are
not owned by or assigned to them (public or shared computers);

Type 1) features that allow individuals with mild impairments to use the
computers directly as they come from the tox;

Type 2) features that facilitate the connection of specialized interfaces and
accessories for individuals with more severe disabilities.

b) features which facilitate the use of computers which are personally owned or
controlled by the disabled individual;

Type 3) features that facilitate customization of a personal computer to allow
access to standard software;

Type 4) features that make computer use easier but are not required for access;
Type 5) features that facilitate special applications for computers.

Teble 1 provides a listing of some features from each of these categories. Many of these
modifications can be implemented in software, often as relatively minor modifications or
extensions to the operating systemn of the computer. As such, they do not increase the
manufacturing cost of the computer. Even hardware design modifications, which would be very
cxpensive on a retrofit basis, can usually be implemented in manufacturing cost on future
systcms. In Table 1, those items which could be implemented through software modifications
are marked ith a dagger. Note that raost of the modifications would increase the flexibility or
ease of use of the computers for the non-disabled "mass market" as well.
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Physical
Disabilities
Input
Access

Individuals cannot | §
physically use some |4
standard input o
devices. S

Problem

Input Accessibility

Examples

1 Some individuals who can use

81 mouthstick, cannct activate

only one hsnd, or who usea

ultiple buttons or keys at the
same time.

Individuals with one arm, or those
who use a mouthstick, cannot use
shift/control keys on standard
keyboards...

...Or OPCTate a POUSE in conjunction
with shifUcomrollop(ion keys...
«-Of operale a multi-button mouse.

Some individuals do not have
enough fine movement control to
use some newer input methods.

Individuals with mo’or coordination
problems or paralysis cannot
accuralcly use a mouse o: tcachpad.

Some individuals have slower or
irregular reaction times, making
time-dependent input unreliable.

Individuals with a slower reaction
time can get undesired characters if
the key repeat rate is too fast.

9 physical disabilities who must use
24 1o connect them to the stanaard

£q compy

f4 workplace, school, etc,

Individuals with more severe
special input systems have no way

ters they encounter in the

Individuals who require an eyegaze
or sip&pufl controlled input cannot
cnnnect their device in place of the
normal input devices (keyboard,
mouse, touchscreen) on the various
computers at work,.>hool.

Sy

R g‘%"“,@

rove

When computer systems are
changed/upgraded or a person wants
1o change jobs (or gets a promotion)
his/her special input systems don't
work on the new computer/model.

7

30
33

23

Visual
Disabilities
Input
Access

individuals cannot
wisually use some
standard input
devices.

e e RS

¥4 Some visually impaired

Indsviduals with low vision have
difficulty reading the legends on
keys and controls.

individuals have difficulty finding
or identifying keys or buttoas on
input devices.

Individuals with severe visual
imparments have difficulty locating
the home keys and sclected
peripheral keys on a keyboard.

Individuals with severe visual
impairments cannot find keys on
petfectly flat membrane keyboards
or keypads.

Individuals with severe visual
impairments cannot use input
devices which require constant

Blind individuals cannot use a
mouse because they cannot monitor
the mouse cursor’s continually
changing position i refation to the
image on the screen.

Blind indjviduals cannot usc input
systems which have dynamically
defined keys with only visual
feedback as to current key value.

To allow more
individuals with
nuld/moderate
physical disabilities

To allow individuals
with more severe
disabilities to connect

To allow individuals
with mild/moderate

To allow individuals
with szvere visual
disabilities to use
standard input
devices:

Design Recommendations

Chart 1 of 4

Design Examples

i ¢ IPM-1 Input devices that require muluple

simulaneous activations should have an

23 optional (sequential) mode of operation.
24 This mode should be available at any time

and should eliminate the need for
simultaneous actions.

1 Addition of an invokable 1-finger
"sticky key” feature to the operating
system which allows scquential use of
shifvalvoption etc keys

1 Optional multiple mouse button
contsol from keyboard (see next)

¢ IPM-2 Systems having mice or other
pointing systems should have a method for
carrying out all the same functions from the
keytoard.

1 User invokable option which uses
part of the keyboard to control mouse
cursor & buttons or to crcate simulated
touchscreen input.

74 * IPM-3 Systems requiring responses in

Jess than S seconds of release ime less than

kAl 2 sec. ads, should have provision for the

user to adjust the time, or havea

§ non-time-dependent allernative method.

1 User adjustable key repeat rate and
delay.

1 A response delay is programmed to
be longer than 5 seconds.

* IPS-1 All systems should have an

P4 extermally accessible connection point

(standard or special port) to which alternate
input devices can be connected. This
connection should be as industry or
company standard. Allinput through the

4 connection should be treated identically 1o

mput from standard input devices by the
system and application software.

1 Operating system can accept data
from serial port in a standard protocol
which is trcated by the system and
application programs as i~put from
standard input devices.

- Standard input bus for all input
devices.

IVM-1 Legends and lettering on keys
should be easily readable.

- Larger lcttering on keys and around
controls.
- High contrast lettcring.

*IVS-1 There should be tactilely distinet
landmarks on home keys on a keyboard

- Nibs on center or front edge of home
keys on keyboard and keypad.

* ]VS-2 The edges of keys or buttons
should be tactilely discernable. Keys or
buttons should not be activated by a hand
lightly feeling them.

- Small raised ndge outlining keys on
flat membrane keyboards.

IVS-3 If a computer has a standard input
system which requires cor ~ual visual
feedback to merate, the e puler would
preferably have an altern  means or mode
for achieving as masy 0" he functions as
possible. Thus alternate 1...20s or mode
should be available at any time and should
ot require continual visual fecdback.

1 Keyboard equivalents for as many
mouse operations as possible.

1 Optional m ~*~ which can be invoked
by blind users which eliminates need
for continual feedback features (w here
possible).

- (Somc functions like frechand
sketching may not be posable.)

These recommendations sre miended ss suggesons for improvang the sccessibility of standard deskop

and portable computers. They are not intended as a hst of required festures for accessibulty, but rathir as an axd m desigaing computers which are more sccessible.

- I used 28 source matensl for design or procurement guidelines only a subset should be thought of a3 required; the rest should be left as recommendatons. Those desiga recommendations which appear 1o be most 1mportant st Uus ime m onder to provide
reasonable access 10 current and pear future systems are marked with an ssterisk. Examples which can ususlly be itmplemented in software are garked witha 1.

- Thu = a working document and subject o ] revision, m, and change. A primary purpose is LOMMUNKaLOD between industry, uses, resexrchers, govenment, ete. Your
Design Considerations Task Force /0 Trace R&D Center, S-151 Waisman Center, 1500 Highland Avenue, Mad WI 53705, Aw Dr. Grepg C. Vanderhexden or Charles C, Lee.
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Problem

Output/Display Accessibility

Examples Design Recommendations

Chart 2 of 4

Design Examples

Visual
Disabilities o some visualy impaired individsals
have difficulty in discerning the
Output mages on the screen.
Access

Individuals cannot use §;
some standard visual
output devices.

OVM-1 A means for 2com-enlarging
the image on the display would
preferably be provided; this feature

Individuals with Jow vision have
, Scroen bec. 4 should be able to enlarge any area of

1 Modification to basic graphic interface
allows user o zoown in o0 any arca of
the screen. Zoom follows mouse or

3 Individuals with severe visual
impairments have special alternate

B3 displays but do not have a means to
21 use them with the computer.

gwfrmc?;sd:ﬁ ﬁﬁﬁf * 7] the screen and provide magnification Cursor movements.
To allow more 7 up to 16 times in at least 8 steps.
individuals with ‘
mild/moderate visual
Color blind individuals cannot see disabilities to use 4 OVM-Z Color used oo displays t Color of text and background
text presented in some text - standard displays: %24 would prefqab!y be user selectable adjustable by user.
background color combinations. 4 for color blind individuals.
Individuals with Jow vision have OVM-3 Displays would preferably - Display scparatc from CPU and
difficulty seeing the screen due to be repositionable. keyboard on computers with a large
glare or distance. CPU unit.
*OVS-1 Screen display ] i
1i i i 1 Special request from external device
Blind individuals could use a information shauld be provided on caups:‘s: infoiqmalion on current console

A request of continuousiy at an

4 external connectlor in a company or

& industry standard format in the first
224 of the following forms that is

To allow individuals
who are blind or have
more severe visual

4% impairments to

portable voice output access device
in place of the compuler's standard
screen display except where these

devices cannot get access to the : ; available to the operating system:
contenss of the computer’s display ;?:'p';:;li':;sgxm - screen descnop‘:in 8y
screen. - character lisung (for character
based screen displays)
- bit image.

dispiay to be sent to external bus or
standard port or connector.

1 Special mode is invoked after which
allinforination sent to screen processor
(software or hardwarc) is also scnt to
external bus or port connector.

Hearing
Impalrments é Individuals with hearing
Output imparments have difficulty hearing

Access audible feedback from corputers.

Individuals cannot

OHM-1 The output volume would

Individuals who are hard of heasing preferably be controliable and have

have difficulty heaning becps that 2 wide ran, isi i

Haghts ; ge (this is less important

indicate errors when typing or — if all audstory feedback is available

issuing commands. To #llow individuals redundantly in an appropriate visual
mg'ﬂ:‘:‘dﬂi form. or it there is un external

Individuals with hearing to be able 16 hear spedler jack)

- Larger range on volume control.

imy, zirments are unable to tum the auditory output:

C{IM-2 Devices would preferably

- Could be special jack or dedicated pin

use standard auditory
output.

Individuals who ar¢ deaf or have
severe hearing impairments do not
receive any information presented in
ap auditory form.

volume up sufficiently in some “ave an audio jack or have speaker | on another connecior if standard across
environments (e.g. library or noisy pear edge for amplification. machincs.
envircoment).

. . ; " t Beeps accompamied by a flash on
Deaf individuals cannot hear beeps prgf»}c!nsl'cld il:lalxx“;{:og::y ";‘m which | of lhepscrccn.mpa Yy part
that indicate errors when typing or is required for system operation and
1ssuing cornmands. To aliow individuals error detection should also be - Small LED which flashes in paralic]

who are deaf or have provided or available redundantly in | vith becps.

an appropriate visual form.
(Traiping materials would not
normally De considered as required
i operaticn but would preferably
also be available in capioned form.)

more severe hearing
impairments to
receive feedback:

1Al auditory/spoken messages also
displaycd.

1 Invokable feature caus=s spoken teat
10 be displayed at top or bottom ¢f
screen.

These é e

ded as suggesuons for improving the accessibilty of standard desktop an'( portable computers They are 5ot intended as 2 It of oq
- If usod a3 source matenal for design of procurement guidelines only a subset should be thought of as requured; the rest should be left as recommendations. Those dexipn recommendations which appear (o be most important . * thus ume @ ordes 1o provide

41,

for a<

reasonsble sccess Lo current and near future systems are marked with a astersk. Examples which can usually be implemented 1n - oftware arc marked with s f.

- This s 8 working document and subject to ¢ “Unual revision, correction, and change A pnmary purpase 13 b

Design Connideratrons Task Foree /o Trace R&D Center, 5151 Wasman Cester, 1500 Highland Avenve, Maduson, W1 53705, Atiention Dr. Gregg C. Vanderheiden or Charles C. Lee.

ibtlity, but rather as an a1d 1n designimng computers which arc more accessibie

industry, users, researchens, goverament, etc. Your comments and feedback e solicited. Please send comments o,

9

16




Workmg/Review Draft 5 |
prepared by the Design Considerations Task Force

Controls, Media and Documentation Accessibility

Chart 3 of ¢

of the Incustry-Gi Coop Ini
oo Computer Accessibility
July, 1987
Problem Examples Design Recommendations Design Examples
Individuals with use of only one hand CPM-1 Latches and controls would - Single push button latches.
cannot open some laplop computers. preferably be operable with ore - Latches that can be pressed or slia
4 hand/finger/stick. to side scquenually.
Coatrols Some physically disabled Individuals with limited reach are :
individuals cannot manpulate or unable to opcrate power switches and CPM-2 Controls would preferably be | - Controls mounted on front.
Access operate some types of controls. okher controls located at the rear of the ;Ir:ﬁa:xl::al?:fm located for easy access. - usk drives on front of computer.
computer.
muld/moderate

Individuals cannot Individuals with limited dexterity Physical disubilites ) Ve - Push button controls.

physically use (arthnitis, cerebrz palsy, etc.) are :,an d:r d‘ m‘;:s: 3 CPM-3 Controls / ~u!d preferably be | - Slide controls.

contols on some unable to use latches or controls cof ] operable without a twisting motion. ~ Thumbwheel controls.

devices. which . >quire twist motion.
Individuals with low strength (MS, CPM-4 Controls wou!d preferably oc | - Light acuon controls.
MD, and spiral cord injury) 7.e operable with 100 g or less of force. - Push operated controls.
unable to operate controls that require
very much force. -~

To allow individuals 4 CPS-1 Congol functions would - Adjustments put under software

Some severely physically disabled
individuals cannot operale any
controls.

Some individuals with special
aternate input systems are unable to
operate any manual controls.

§ preferably be operable from the
compuler’s standard input devices
4 (e.g. keyboard conrol).

with more severe
disabilsties .o operatc
controls:

>

control and operable from
keyboard, mouse, program, etc.

Media 3 Some individuals have difficulty Individuals with cerebral palsy often MP-1 Media would preferably be atle | - Designs simular to 3.5 disks.
Access 4 handling materials delicately. q‘amgedmcdxa surfaces of bend § to withstand fairly rough handling.
loppy disks.
™\ - -
indivi i MP-2 Media would pre ‘erably eject
, Some individuals have difficalty Individuals with cerebral palsy have o illow indiduals and/or protrude at least . cm from the | - Push button or softwase conrolled
difficulty handling 4 reaching into small spa-es. difficulty reaching into disk drives to dexterity to handle q device. eject.
and le-ding storage remove the floppy disks. and load storage
media. & ~— media: MP-3 Removable media drives would
Some individuals are unable to use the | individuals with limited reach or % preferably be available in extcrnal - Option to install extcrnal dnves

3 built-in drives because of their
positios,.

strength cannot reach built-in dnves. mount configuration which allows

specia, posiuoning.

with long enough cable to allow for
spevial positiontng.

Documentation
Access
Individuals who are physically
disabled or blind wre unable to use
%4 printed documentation.

D-1 Manuals would preferably be

Man sically disabled individvals iy

are uﬁfl?lyc to thle the l?ua:ll;wﬂx'nwdxv;::;als a.ailable in electronic form. Graphic

documentation or turn the pages. 6%@ visua'la d‘y sabilities to ;24 information would preferably be
— g;/’ use the device %35 presented redundantly in text as

Blind individuals are upable torcad ~ § documentatior: 2§ much as possible.

printed documents directly, 4 4

1 Manuals and/or command
summary reference on disk.

t Cn-hine help.

- Have electronic manuals avinlabta
from company or Labrary of
Congress, elc.

These recommendations are inteaded a8 suggestions for improving the accessimlity of standard deskto

p and portable computers. They are not intended a3 a hist of required features for accessibility, but rather as a1 d m designg compuli rs which are more sccessible.

- 1f used as source material for design or procurement guidelines only a subset should be thought of as requrred; the rest should be left as recommendations. Th.ose desiga recommendations which appear to be most important at Lus time tn order 10 provide
ressonable sccess 10 curent and nexr future sysiems are marked with an astensk mmmaonmbonlhispge). Examples which can usually be implemented in sofiware are marked with a §.

and feedback are d. Please send comments to

- This is a workung document « xd subject 0 contmual revision, wermection, and change. A primary purpose is communication between incustry, users, researchers, goverument, etc. Yowr
Design Connderations Task Force ¢/o Trace R&D Center, S-151 Waisman Center, 1500 Highland Avenue, Madison, WI 53705, Attention: Dr. Gregg C. Vanderhexden or Charles C. Lee.
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Personai Workstation Modification Facilitation

Chart 4 of 4

Design Examples

1 Operating system has an “inject
only” vector or address to which
simulated input can be senl. This
input point is in front of the first
access (read or filter) point available
to the system functions or application
programs.

In multitasking environments, the
program 1s able to in,. ~* keyboard
nput even if keyboard 1+ eing read
by another applicatio-, but for
secunty, the applica'.on program has
to be invoked by th. same uscr.

of the Industry-Gi P ]
on Computer Accessibility
July, 1987
Problem Examples Pesign Recommendations
Some operauing systems do not Scanning and other special input WP-1 Operating systems which
allow simulation of input device grams do not h=ve a means to support background programs or
activity (keystrokes, mouse pointing) |  inject simulated keystrokes, multitasking would preferably have a
by programs running in background | touchscrecn or mouse acivity into § means for smulatior ~f keyboard and
(or under multitasking). This the computer for use by the ] other input devices Ly a program
prevents the use of low cost software |  operating system and application running ir the computer. This
solutions for providing alternate programs. simulated input should be treated
Input input systems for those who can use identically to input from the standard
Madifications f o = ™ srplcaton sofware. The fope
adi i application software. This inpul
Some openating  ystems do not Special access programs such as simulation capability should extend to
- provide a mechaaism for programs those which put a keyboard image all input devices required for
Indiviuuals have running jn the background (or under | on screen and use a head movement To faciliate the operation of the computer.
difficulty installing | & multitasking) to provide coninual operated "mouse” won't work on installation of - - -
ial input access visual information to the user. This computers where the window special input access WP-2 Windowing environments
pee mp preveants thz use of low cost contarning the keyboard image does mods...zalions in would preferably have the ability to
P eoations software-based alternate input Dot stay visble when other pers: sally owned open and maintain special windows
e " systems which require a continuous programs (windows) are active. or asi gned which can always reinain fully visible

their personally
owncd or assigned

visual selection or feedback display.

(for use by special input routines).

con ulers:

1 Window environment modification.

computers.

Most computers have no provision
for connecting any external switches,
making special, more expensive,
adapters pecessary (o connect special
switches needed by some access
programs.

We-3 Computers would preferably

Aneye-blink operated scanni
h oo have a way of connecting special

program pecds a way to connect the

- Special jack or * dicated pin(s) ona
standard connec’ .

Some software programs discard
some keystrokes that show up in
type-ahead buffers - interfening with
the use of special "macro” based
acceleralion programs.

eye-blink switch to the computer. momentary contact (SPST) input
swiltches.

A sip-puff Morse code input

program needs 2 switchcs. WP-4 Operating systems would
preferably allow macro-gencrated

Multiple backspaces or arrow keys 10put 1o be marked so that it can be

treated differently from standard input

are often discarded by software
by system and application software.

programs, causing problems for

% Operating system modificatior.

( utput
Mod -ications

i Visually impaired persons can often
take advantage of comnmercially

g4 available large screen momitors to

3§ provide larger images .... but some

computers with built-in momitors

have no provision for external

- Built in or standard add-on
conncctor for larger displays (cisplay
can be 3rd party).

abbreviation expansion based

acceleration programs.

Computers with special techuology 1 WV.1 Computers would preferably
built-in displays may not make allow connection of larger image
provision for external display { displays.

connecion.

WV.2 Computers which support

To allow J background programs or mulutasking

1 Special system routine whica
provides apphications or background

]

aialy insaling chsplay connecton. individuals with 3] Would preferably provide screen program with a description of the
1a] output access —t visual impairments display information on request or console display.
wnms o More powerful, multasking A screen reading program running in 10 make special coptinuously in 8 company or
mﬁ cations in theis compulcrs create the potenual for the background could provide a modificatons to industry standard format to a spectal | 1 Invokable option in operating
rsonally owned or having sophisicated screen reading | blind person with voice output their personally %ggram running i the computer. system which continually feeds output
pe 9 y e and interpretation software running | descnpton of the contents of the owned or assigned s informauon would preferably be | display information tu 2 background
assigned compulers. 10 a compuler along with standard screen (where standard application computer: g provided in the the first of the or multitasking proeram as it 1s being
4 application programs. This would programs are displayed) if screco . { following forms that is available to fed to the display processor (hardw are
allow lower cost solutions for some | contents were available to 1t from the the operauing system: or software).
4 people. However, the total s:reen cperating system on request. - screen descripion language
content s not necessanly available to - character hsung (for character
3 thesc programs prevenung this based displays)
approach. - bit image.
These recommendations are miended &s suggestons for improving the sccessidality of standard deskiop and portable computers. They are not ded as a List of requtred f for ibility, but rather as an ard m designmg computers which are more accessible.

- 1f used as source maiznal for design or procurement guidelines only a subset should be thought of as requrred, the rest should be left as recommendations. These design recommendations which appear to be most smportant at this time 10 order to provide
reasonable access o current and oear future systems are marked with an astensk (there are no astensks on tus page) Examples which can usually be implemented 1n software arc marked with a .

« This 8 2 working document and subject to contmual revision, correction, and change. A primary purpose 1§ communkation betwoen wedustry, users, researchers, government, eic  Your
Design Considerations Task Force: ¢/0 Trace R&D Center, $-151 Wasman Center, 1500 Highland Avenue, Madison, W1 53705, Attention® Dr. Uregg €. Vanderheiden 01 Charies C. Lee.
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